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(54) Expandable stent 

(57) There is described a novel stent design which 
has flexibility characteristics superior to currently avail- 
able stent structures. Further, once the present stent is 
expanded, It exhibits an inherent tendency to nnaintain 
the shape of the lumen in which it Is deployed. This is a 



significant advantage over many currently available 
stents which, upon expansion, tend to stretch and de- 
form.the lumen from its natural longitudinal orientation 
as the stent tends to straighten. The present stent is 
characterized by a porous surface having a repeating 
pattern generally in the shape of a "butterfly". 
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It would be further desirable if the improved stent could 
be manufactured readily. It would be further desirable if 
the improved stent could be deployed using convention- 
al stent delivery systems. 

5 

SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention to pro- 
vide a novel expandable stent which obviates or miti- 
gates at least one of the above-mentioned disadvantag- 
es of the prior art. 

[0012] Accordingly, in one of its aspects, the present 
invention provides an unexpended stent comprising a 
proximal end and a distal end in corhmu nidation with one 
another, a tubular wall disposed between the proximal ^5 
end and the distal end, the tubular wall having a longi- 
tudinal axis and a porous surface defined by a plurality 
of interconnected circumferential rows of a repeating 
pattern, the repeating pattern comprising a concave- 
shaped wall and a convex-shaped wail aligned substan- 20 
tially along an axis substantially orthogonal to the longi- 
tudinal axis. 

[001 3] In another of Its aspects, the present invention 
provides an unexpanded stent comprising a proximal 
end and a distal end in communication with one another, •^s 
a tubular wall disposed between the proximal end and 
the distal end, the tubular wall having a longitudinal axis 
and a porous surface defined by a plurality of intercon- 
nected circumferential rows of a repeating pattern, the 
repeating pattern comprising a concave-shaped wall 30 

. and a convex-shaped wall aligned in manner such that 
individual repeating patterns in the a circumferential row 
are Interlocked with respect to one another. 

. [0014] In another of its aspects, the present invention 
provides an unexpanded stent comprising a proximal 55 
end and a distal end In communication with one another, 
a tubular wall disposed between the proximal end and 

. the distal end, the tubular wall having a longitudinal axis 
and a porous surface defined by a plurality of intercon- 
nected circumferential rows of a repeating pattern, the 40 
repeating pattern comprising four S-shaped sections 
orientated such that, for at least two pairs of the S-sec- 
tions, one S-shaped section Is a mirror image of the oth- 
er S-shaped section along an axis orthogonal to the lon- 
gitudinal axis. 4s 
[OOi 5] I n yet another of its aspects , the present 1 nven- 
.tion provides an expandable stent comprising a proxi- 
mal end and a distal end in communication with one an- 
other, a tubular wall disposed between the proximal end 
and the distal end, the tubular wall having a longitudinal so 
axis and a porous surface defined by a plurality of inter- 
connected circumferential rows of a repeating pattern, 
the repeating pattern being substantially free of straight 
sections and having a multi-lobed shaped perimeter and 
being oriented in place by at least six 3-point Junctions. 55 
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BRIgF DESCRIPTION OF THE DRAWINGS 

[0016] Embodiments of the present invention will be 
described with reference to the accompanying drawing 
which Illustrates a two-dimensional view of a preferred 
design of the present stent. 

. DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Thus, the present inventors have developed a 
novel stent design which has flexibility characteristics 
superior to currently available stent structures. Further, 
once the present stent is expanded, it exhibits an inher- 
ent tendency to rnaintain the longitudinal shape of the 
lumen In which it is deployed. This is a significant ad-, 
vantage of the present stent compared to many current- 
ly available stents. Specifically, upon expansion, many 
currently available stents tend to stretch and deform the 
lumen along its length from its natural orientation as the 
stent tends to straighten. 

[001 8] The p resent stent is ch aracterized by a repeat- 
irig pattern containing a strut architecture in which a giv- 
en strut in the repeating pattem serves the dual role of 
flexibility and expansion/radial rigidity In tbeidiwd^states 
of the stent. Thus, the present stent Is particularly robust 
in situations of complex deformation states that may be 
encountered In vivo. This Includes (but is not'Hmited to) 
simultaneous bending, calcific lesions, torsion and ex- 
pansion. The present stent also has desirable'tiniformity 
of expansion under extreme conditions. 'e- 
[0019] The present stent deforms with mirriinal or no 
distortion and with minimal or no significant deforma- 
tions in localized areas. The deformation isr^mooth and 
thus the cylindrical profile Is smooth. . ir- - • • 
[0020] Upon expansion^ the repeating pattenn in the 
present stent becomes expanded, ideally to a tmss-like 
shape, which results in very desirable radial rigidity. Fur- 
ther, the present stent has a desirable strut density when 
expanded thereby resulting in excellent vessel cover- 
age while allowing side branch access. 
[0021] Other advantages of the present stent design 
will be readily apparent to those of skill in the art. 
{0022] The present stent may be constructed from 
any suitable starting material. Preferably, the starting 
material is a thin tube of a metal or alloy. Alternatively, 
it is possible to construct the present stent from a flat 
sheet which preferably is cut (as described below), 
rolled and then welded. 

[0023] In one preferred embodiment, the starting ma- 
terial may be one which Is plastically deformable - non- 
limiting examples of such a material include stainless 
steel, titanium, tantalum and the like. In another pre- 
ferred embodiment, the starting material may be one 
which expands via temperature-dependent memory (i. 
e., a material which will expand upon reaching a certain 
temperature) - non-limiting examples of such a material 
include nitthol and the like. 
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[0038] As shown, it is preferred that tlie four S-shaped 
sections have substantially the sanne shape. 
[0039] . Further pair of S-shaped section 65,80 each 
comprise an axis E passing through an Initial point and 
an end point of the S-shaped section to define a pair of s 
axes E in substantially parallel alignment Still further, 
pair of S-shaped sections 70,75, each comprise axis F 
passing through an initial point and an end point of the 
S-shaped section to define a pair of axes F in substan- 
tially parallel alignment. As shown axes E and F are an- io 
gled with respect to longitudinal axis A. Further, axes E 
and F are acuteiy angled with respect to one another. 
[0040] The present stent may be used In a conven- 
tional manner. For example, the present stent may fae 
nhounted on a balloon expandable catheter and em- is 
ployed conventionally in a catheterization technique - 
see, for example, any of the references described 
above. 

[0041] White the present invention has been de- 
scribed with reference to preferred and specifically illus- 20 
trated embodiments, it will of course be understood by 
those skilled in the art that various modifications to these 
preferred embodiments and Illustrated embodiments 
may be made without departing from the spirit and 
scope of the invention. For example, while the foregoing 25 
description has been in relation to the manufacture and 
use of a monotubular stent, those of skill in the art will 
immediately recognize that it Is possible to employ the 
present stent in the form of a bifurcated stent. When the 
present stent Is constructed as a bifurcated stent, it may 30 
be implanted using the procedure outlined in the '997 
patent application referred to above. Such a bifurcated 
stent may be manufactured, Inter alia , by any of the 
methods disclosed in the Canadian patent application 
number 2,175,720 filed on May 3, 1996, Other modifi- 35 
cations which do not depart from the spirit and scope of ' 
the present Invention will be apparent to those of skill in 
the art. 

[0042] All publications, patents and patent applica- 
tions refen-ed to herein are incorporated by reference in ^0 
their entirety to the same extent as if each individual 
publication, patent or patent application was specifically 
and individually Indickted to be Incorporated by refer- 
ence in its entirety. 



Claims 

1. An unexpanded stent comprising a proximal end 
and a distal end in communication with one another, so 
a tubular wall disposed between the proximal end 
and the distal end, the tubular wall having 'a longi- 
tudinal axis and a porous surface defined by a plu- 
rality of interconnected circumferential rows of a re- 
peating pattern, the repeating pattern comprising a 55 
concave-shaped wait and a convex-shaped wall 
aligned in manner such that individual repeating 
pattems in the a circumferential row are interlocked 
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with respect to one another. 

2. The stent defined in claim 5, wherein the concave- 
shaped wall and the convex-shaped wall are inter- 
connected by a pair of S-shaped walls. 

3. The stent defined in claim 5, wherein each S- 
shaped wall comprises at least one S-shaped sec- 
tion having an axis passing through an initial point 
and an end point of the S-shaped section. 

4. The stent defined in claim7, wherein S-shaped sec- 
tion comprises an asymmetric pair of curved sec- 
tions. 

5. The stent defined In claim 8, wherein each curved 
section comprises an arc of at least about 180**. 

6. The stent defined In claim 6, wherein each S- 
shaped wall comprises: a first S-shaped section 
having a first axis passing through an initial point 
and an end point of the first S-shaped section and 
a second S-shaped section having a second axis 
passing through an initial point and an end point of 
the second S-shaped section. 

7. The stent defined in claim 10, wherein each of the 
first axis and the second axis are angled with re- 
spect to the longitudinal axis. 

8. The stent defined in claim 1 0, wherein the first axis 
and the second axis are acutely angled with respect 
to one another. 

9. The stent defined in claim 5, wherein the repeating 
pattern Is substantially free of straight sections. 

10. The stent defined in claim 5, wherein the tubular 
wail has a substantially circular cross-section. 

11. The stent defined in claim 5, wherein the tubular 
wall Is constructed of a plastically deformable ma- 
terial. 

12. An unexpanded stent comprising a proximal end 
and a distal end in communication with one another, 
a tubular wail disposed between the proximal end 
and the distal end, the tubular wall having a longi- 
tudinal axis and a porous surface defined by a plu- 
rality of interconnected circumferential rows of a re-, 
peating pattern, the repeating pattern comprising 
four S-shaped sections orientated such that, for at 
least two pairs of the S-shaped sections, one S- 
shaped section is a mirror image of the other S- 
shaped section along an axis orthogonal to the lon- 
gitudinal axis. 

13. The stent defined in claim 16, wherein each of the 



5 



BNSDOCID: <EP 1132060A2J_> 



EP 1 132 060 A2 




